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I. INTRODUCTION 
This development program was undertaken t evaluate the 
effect of haze on aerial photography. Specificall J the program 
calls for the instrumentation of an automatic haz recorder. It 
is hoped that the data resulting from the use of th haze recorderJ 
besides being of immediate value to aerial recon aissanceJ may 
also supply air-ground measurements necessary or a better 
understanding of the fundamental haze phenomen 
This report is divided into two major sectio The first 
consists of a brief discussion of the general haze The 
second describes the development of an automati haze recorder 
and considers possible flight-test programs. Al hough this report 
is primarily concerned with the instrument itself the introductory 
discussion of the haze problem is included to fac litate the overall 
evaluation of this development. 
This work was accomplished under USAF Co tract No. 
AF33(616)-432 with the Boston University Physic 1 Research 
Laboratories. 
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II. THE HAZE PROBLEM 
A. Haze-Light 
The nature of haze can best be demonstrated by its effect on 
aerial pictures. A photographic image of the ground recorded at 
high altitude is never as clear as that of the same area recorded 
at a lower altitudeJ all other conditions including scale having been 
equalized1 This loss of image quality arises from the thicker 
layer of atmosphere * present between the camera and the groundJ 
** for the high-altitude case. The thicker layer scatters more 
light back into the camera. This increase in scattered light re-
duces the image quality (contrast) by producing an overall fogging 
on the film. A study of this effect then resolves itself into a study 
of light scattered by the atmosphere. To avoid ambiguityJ the 
phrase 11 haze-light" will refer specifically to light flux scattered 
by the atmosphere. 
B. Reasons for Measuring Haze-Light 
SinceJ as indicated in the previous subsectionJ haze-light re-
duces the quality of aerial photography, haze -light is one of the 
important variables in the photographic system. It is for this 
reason that the automatic haze recorder was developed. 
* (See page 3, C.) 
** (See page 3, D.) 
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However, before describing the instrument itself, a more detailed 
discussion of the physical aspects of this problem will be given. 
C. The Atmosphere 
The atmosphere may be regarded as a mixture of gases and 
I 
suspended mixtures of solid and liquid particles. The composi-
tion of atmosphere varies in time and space depending upon alti-
tude, conditions of weather, and the availability of airborne waste. 
The density of the gaseous part of the atmosphere varies with 
temperature and pressure (altitude); and the wind velocity and 
its past geographic path will affect the number of particles of 
smoke, dust, mist, pollen~ etc., which will be found , suspended 
in that gaseous part 8. To avoid ambiguity, the word. If atmosphere "• 
when used in this report, will refer to the mixture of gas mole-
cules and suspended matter. 
D. Atmospheric Scattering 
When light is directed through a layer of atmosphere. part of 
it is scattered. Where the scattering particles are ~mall with re-
spect to the wavelength of the light, the scattering obeys the fourth 
power law associated with the work of Lord Rayleigh 9; i.e., the 
amount of scattering is inversely proportional to the fourth power 
of the wavelength. As the particle size increases, the fourth 
power law is gradually superseded by the laws of ordinary reflec-
tion, refraction, transmission, and absorption. In other words, 
as the particle size increases. the spectral quality and geometric 
distribution of the haze-light, which were originally dependent 
primarily on particle size, become more and more dependent on 
the actual chemical composition of the particle. In an average at-
mosphere all types of scattering are taking place simultaneously; 
i.e., Rayleigh scattering by the gas molecules. multiple reflec-
tions by the larger particles, and all scattering variations in be-
tween by the wide range of sizes of the other suspended matter --
particularly water droplets. Atmospheric scattering is then the 
overall result of a mixture of quite complex physical phenomena. 
E. Methods of Measuring Haze-Light 
In general, all the various methods of attacking this problem 
fall into one or the other of two basic classifications. In one case 
the atmosphere is physically sampled, the distribution of particle 
sizes is determined, and calculations are made of what the haze-
light would be for that particular set of conditions. In the other 
case the haze-light is measured more or less directly. There 
are advantages and disadvantages to both systems, and in the 
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final analysis each should be used to check the other. It was de-
cided to use the direct method because of its comparative simpli-
city; and this decision led to the design and development of the 
automatic haze recorder which is the subject of this report and 
which is described in detail in Section III following. 
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III. THE AUTOMATIC HAZE RECORDER 
A. Theory of Operation 
1. Absolute Upwelling Light Measurements 
The direct approach to the haze study calls for airborne tele-
photometric measurements to be made for a range of altitudes and 
other conditions governed by practical limitations of the problem. 
The telephotometer will measure upwelling light; that is, it will 
record the image-forming light from the ground plus the haze-
light arising from the intervening atmosphere. The upwelling 
light from all angles which reaches the under side of the aircraft 
in which the instrument is installed will be recorded 1as a function 
of the angle, the altitude, and the spectral quality of the light. 
In this manner the light originating in a hemisphere beneath an 
airborne camera can be measured and plotted in absolute values, 
and a study made of its effect on aerial photography. 
2. Absolute Haze-Light Measurements 
Since the upwelling light recorded for a given set of conditions 
is the sum of image-forming light and haze-light, one has only to 
subtract the _appropriate value of image-forming light from the up-
welling value in order to determine the haze-light. To do this, 
6 
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one has separately to evaluate the image-forming light for these 
conditions. This is accomplished in the following manner. 
a. The upwelling light values as recorded at the lowest (base) 
altitude can be defined as the ground-level image-forming light. 
This assumes that there is negligible haze-light originating 
between the ground and the base altitude. This is generally true; 
further l the assumption can be checked by measurements using a 
helicopter to cover the altitudes from zero feet to the base altitude. 
This further assumes that the ground level image-forming 
light as a function of angular direction from the target is identical 
for the extent of the target, and for the extent of the time lapse 
between the first and the last (highest and lowest altitude) target 
measurements. In other words, the target area must be exten-
sive and homogeneous as compared to the expected coverage and 
the acceptance angle of the telephotometer respectively; and the 
time lapse must be short enough so that the change of the sun1s 
position will produce no appreciable change in the distribution of 
light reflected from the target. These further assumptions can 
be checked by recording, at the base altitude, the upwelling light 
--
-·~ 
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for the extent of the target area~ and the change in upwelling 
I 
light with time for a representative section of the target area. 
b. The direct measure of the sun's intensity for each spec-
tral region at each altitude is separately recorded for each flight. 
The ratio of the sun's intensity at a given altitude to that at a 
higher altitude is a measure of the attenuation for the appropriate 
path length through the separating layer of atmosphere. 
The attenuation~ as determined in this manner, is subject to 
certain correction factors, since the above evaluatiod is only an 
approximation of the actual situation. However, all these factors, 
except in extreme cases, are second order correctio~s. 
c. The ground level image-forming light is multiplied by 
the attenuation for the required altitude corrected for the relative 
path length. The product gives the image-forming light which 
penetrates the atmosphere to this altitude. 
d. This image-forming light is then subtracted from the 
corresponding value of upwelling light to give the value of the haze-
light for that set of conditions. 
3. Comparative Haze-Light Measurements 
Since a comparison of haze -light above the same or similar 
targets is all that is required under certain conditions, the com-
parison can generally be made directly from upwelling light data 
without applying attenuation factors. This is based on the fact 
that the addition of haze between an observer and the ground will 
increase the apparent luminance of the ground for most conditions. 
If the target area has a high reflectance, that is, if the area is 
snow or a water area .at the specular sun angle, then the addition 
of haze may reduce the apparent luminance. For all other cases, 
however, the earthrs low reflectance assures an increase in ap-
parent luminance with an increase in haze. This means that, bar-
ring the stated exceptions, an increase in upwelling light (appa-
rent luminance) will result from an increase in haze. Therefore, 
an increase in upwelling light for the same or similar tar gets will 
indicate an increase in haze-light; and an increase in the attenua-
tion of image-forming light. Such a change~ then, can be used as 
a comparative (but not proportional) measure of the haze-light 
itself. 
Note: In more than 20 high-altitude, haze-measuring flights~ 
including the 10 over 30, 000 ft (2 over 35, 000 ft) which are record-
ed in Fig. 1, the author has never noted a decrease in upwelling 
light with an increase in altitude, i.e., a decrease in upwelling 
light with an increase in haze. It should be noted, that while the 
recorded measurements were made over city areas, others were 
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made over open country. However, no snow or specular r eflec-
tions from water were encountered or measured. 
4. Advantage of Direct Approach 
This outline of the theory is of necessity quite brief, as it is 
not within the scope of this report to discuss in mathematical de-
tail all the various possibilities . In fact, the principal reason 
for the direct approach was to avoid calculation which would in-
volve postulating preconceived atmospheric conditions. The pr in-
cipal advantage of a direct measuring device, such as the telepho-
tometer described in the following paragraphs, is that few assump-
tions are necessary, and all can and should be physically checked 
whenever any doubt exists. 
B. Functional Outline 
In order to measure, as a function of altitude, angular direc-
tion, and spectral quality, the upwelling light which reaches the 
bottom of the aircraft in which a telephotometer is installed, the 
telephotometer must, at each altitude and for each spectral re-
gion, scan this upwelling hemisphere. This will be accomplished 
by successively scanning through blue, green, and red filters, a 
150 cone from horizon to horizon, and then rotating the scanning 
plane about the aircraft's vertical (azimuth) axis. The output will 
then be recorded as a function of scanning angle, color, aximuth 
11 
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and altitude. In this manner the upwelling light from the hemi-
sphere beneath the aircraft may be charted for various conditions 
of weather over various target areas. The detailed manner in 
which the telephotometer fulfills these functions is described in 
the following body of the report. 
C. History 
Before going into the detailed description of the present in-
strumentation, a brief history of other methods will be inserted, 
so that the development leading up to its present phase can be 
more easily understood. There have been extensive and accurate 
studies made of haze along the ground, with excellent theoretical 
discussions accompanying these studies. However, since this re-
port covers specifically air-ground communication, ground-to-
ground coverage will not be discussed further. 
A check of the literature shows that airborne measurements 
* have been few and not too successful . For this reason the pres-
ent extension of haze theory into this region must arise from, or 
be verified by, only fragmentary data at best. It is not the pur-
pose of this report to challenge any or all such theories; however, 
it is hoped that data arising from this instrumentation will provide 
* (See upper part of page 207 in Brock 1.) 
additional facts which combined with existing data will permit a 
more precise evaluation of present ideas on the subject. 
The following list of airborne measurements is in no wise 
complete 1 but rather represents the known sources of high-alti-
tude air- ground data. 
Waldram 10 (1941-1942). Many and various attempts were made 
by Waldram to get airborne data. and several successful recor-
dings were made to high altitudes. These were made using a sys-
tem which consisted primarily in scooping up air outside the 
plane while in flight and then measuring its haze properties while 
the air passed through an optical tube~ 11 nepolometer•r. These 
studies were made for the British Government at the beginning of 
World War II and gave the only major high-altitude data of this 
type which has been published. 
Merrill7 (1942-1944). These studies were made during World 
War II for the U. S. Air Force photographic reconnaiss3:nce re-
search, particularly as applied to color film. The instrument 
consisted basically of four exposure meters looking at the ground 
through different filters -- the meter reading being recorded pho-
tographically. Although the data was published only in Air Force 
reports. mention is included here since it represented an average 
of ten successful flights to 30~ 000 ft (see Fig. 1). 
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Carman and Carruthers 2 (1951). This study measured varia-
tion in ground brightness, and, although not high-altitude work, 
did first successfully demonstrate an airborne telephotometer 
using a photomultiplier tube. 
No history would be complete without the mention of two other 
authorities, although their contribution has not been primarily in 
the airborne measurement field. The first is S. Q. Duntley 4, 
whose theory of atmospheric haze is most widely accepted, and 
which, it is hoped, the results of this instrumentation will verify. 
The second is W. E. K. Middleton 8, whose book, nvision Through 
the Atmosphere 11 , is unquestionably the top reference in this field. 
There are undoubtedly other studies not mentioned above 
which, like the author's, were performed for the Armed Services 
and which have never otherwise been published. Indeed, mention 
of such war studies using photographic-photometry is made by 
G. C. Brock 1 in his book "Physical Aspects of Air Photography". 
Therefore, again as stated in the beginning, the above listing can 
only be partially complete. 
D. Preceding Development Work at Boston University 
1. Pinhole Camera 5 
Attempts were first made to measure upwelling light from 
the hemisphere beneath a plane by using a pinhole camera (see Fig. 2). 
14 
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Time exposures of sufficiently long duration were used to average 
I 
variations in image-forming light, and the total upwelling inten-
1 
sity was determined by photographic-photometry. Th~s system 
had one singular advantage, it was able to record its entire angu-
lar coverage on a single exposure. However, the prelcise photo-
graphic-photometry, be c ause of the v i gnetting resultip.g from t he 
I 
wide angular coverage, was very difficult, as it required exposure 
ranges in excess of the usa ble portion of the available film. Fur-
I 
ther, the vignetting was dependent on any minute change in the 
physical alignment of the optical parts. 
2. Rotating Drum Camera 6 
To avoid the overall problem of vignetting present in the pin-
hole camera, a camera using a rotating cylindrical aperture was 
developed (see Fig. 3). Basically, this consisted of a drum ro-
tating about its axis. A cylindrical ape~ture was bor
1
ed through 
I 
this drum, perpendicular to its axis. The drum was mounted in 
I 
the bottom of a plane and its axis was maintained parmllel to the 
earth1s surface. The cylindrical aperture, continually rotating 
I 
through 360°, was so baffled that its angular scanning range be-
neath the plane was limited to 120° (30° below one h J rizon to 30° 
' below the other). I 
I 
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The film to be exposed was led in a 120° arc concentric with 
and just clearing the drum and diametrically opposite the 120° 
range. Ten or more rotations were recorded on a single exposure, 
thus averaging variations in image-forming light. The light inten-
sity in different spectral regions was recorded through appropriate 
filters in the form of 120° arcs attached to the bottom of the in-
strument. The orientation of the scanning plane was changed by 
altering the heading of the plane's flight path. In this manner, 
by making several passes in different directions at each of a series 
of altitudes over a given target area, the upwelling light could be 
recorded as a function of angle, spectral region, and altitude. 
It is obvious that since exposure in this camera is always 
normal to the film~ no vignetting problem exists. However. like 
the pinhole camera, this instrument was subject to all the prob-
lems of airborne photographic-photometry, which is difficult to 
standardize even under controlled laboratory conditions. 
Another disadvantage of the particular design was that any 
long bright object which was orientated perpendicularly to the 
plane of the scan (i.e .• a concrete road) would not, particularly 
at high altitudes, be averaged out over a sufficiently broad angle, 
even if an exposure of as many as 100 rotations was recorded. 
This could be overcome, of course, by broadening the acceptance 
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angle of the cylindrical aperture. From a practical standpoint 
any physical increase in the cylindrical aperture diameter was 
limited by the problems of baffling stray light. On the other hand, 
an optical approach, using lenses and/ or diffusing surfaces, rein-
troduces many of the same vignetting problems which reduced the 
reliability of any absolute calibrations of the pinhole camera. For 
these reasons, the photoelectric-telephotometer type of haze re-
corder described in the following subsections was developed. 
E. Description of the Automatic Haze Recorder 
1. Introduction 
The automatic h aze recorder is basically an airborne tele-
photometer, and consists of four major parts: the telephotometer 
itself, the indexing mount, the recording assembly, and the con-
trol assembly and starting box. Each of these items will be de-
scribed in detail; however, a brief outline of the whole is included 
at this time to give an overall picture of the instrument's operation. 
A right prism which rotates about an axis normal and concen-
tric to one of its faces is mounted at the base of the telephotometer. 
The telephotometer, in turn, is mounted on the floor of an aircraft 
in such a manner that this prism extends below the bottom skin of 
the aircraft, and that the axis of the prism rotation is maintained 
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parallel to the surface of the earth. The upwelling light from a 
15° cone entering the prism is reflected along its axis of rotation 
and by means of a fixed right prism into the photometric system. 
In this manner the :rotating prism scans a path 15° wide, which 
stretches beneath the airplane from one horizon to the other. The 
upper semicircle of the scanning path is, of course, baffled by 
the airplane and the instrumental support itself. 
In the photometric system the upwelling light is projected 
through an appropriate filter onto a photomultiplier tube. The out-
put of this tube is read directly as the vertical deflection of an os-
cilloscope which is mounted in the recording assembly. The hori-
zontal deflection of this scope is made proportional to the scanning 
angle by gearing a potentiometer. one to one. to the rotating prism. 
In this manner the scope makes a trace of upwelling intensity vs 
angle for a given set of conditions. Each such scope trace. together 
with other pertinent data, is photographed by the recording assembly. 
The indexing mount rotates the telephotometer, thus rotating 
the scanning plane, about the vertical axis. The control assembly, 
once started, automatically cycles the overall system in the fol-
lowing manner. A blue ·trace, then a green trace. then a red trace 
are photographed at the indexing mount setting (azimuth) of 0°. 
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Then the mount turns the telephotometer to an azimuth of 45° and 
the above three recordings are made again. This sequence is re-
peated at settings of goo, 135°, 180°, 135°, goo. and 45o (see Fig. 4). 
The te lephotometer is then returned to 0° and the assembly is again 
ready for another cycle. The lapsed time of the complete cycle 
is somewhat less than 1/3 of a minute. 
2. Te lephotometer 
a. Mechanical 
The telephotometer is cylindrical in shape. about 6 in. in dia 
by 12 in. high. Mounted outside and on one end of the cylinder is 
a rotating right prism, an objective lens. and a fixed right prism 
(see Fig. 5). This external assembly is mounted under a plexiglass 
hood. All other parts are mounted internally. and the cylindrical 
walls are easily removable for inspection or adjustment. The ro-
tating prism is driven by a constant speed motor at 3 rps. A po-
tentiometer which governs the oscilloscope sweep is geared 1:1 to 
this drive. A miniature micros witch. which controls the recording 
camera. is activated directly by this drive to give momentary sig-
nals at the same frequency -- 3 per sec. By a 3:1 reduction gear 
train. the motor also drives a filter wheel at 1 rps. (The relative 
angular position of this wheel to that of the rotating prism will be 
21 
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Rotating Prism Assembly 
Fig . 5 
discussed in the paragraph on synchronization.) Two other minia-
ture microswitches, one timing the start of the first indexing sig-
nal and the other providing the indexing signals themselves, are 
momentarily actuated one after the other, both being operated once 
every two seconds also by the motor using a further 2:1 (overall 
6:1) reduction gear train. The rest of the mechanical package 
consists of a projection lens assembly with aperture and field 
stops, a second fixed right prism, a calibrating lamp integrating 
sphere assembly with periscope, and a photomultiplier assembly. 
b. Optical 
Upwelling light which enters the rotating right prism is inter-
nally reflected at goo along its axis of rotation into the first fixed 
right prism (see Fig. 6). This prism reflects the light at goo up 
into the cylinder, where the second fixed right prism reflects it at 
go0 across the inside top of the cylinder, through a sector of the 
filter wheel, and finally into the photosensitive surface of the pho-
tomultiplier. The calibrating lamp is approximately 2 mm in diam 
by 6 mm and is centered in a one-inch diam integrating sphere. 
Light from this sphere passes through a color compensating filter. 
It is then projected by a small lens through a segment of the rim 
of the filter wheel and by means of the periscope onto the photo-
24 
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sensitive surface of the photomultiplier. A filter may be inserted 
directly in front of the photomultiplier to balance its spectral re-
sponse to the blue, green, and red filters for daylight illumination. 
An objective lens between the rotating and first fixed prism focuses 
the upwelling light on the projection lens. The projection lens 
system places a slightly out-of-focus image of the objective lens 
on the photomultiplier. There is a field stop which fixes the 15° 
cone at the first projection lens, and an aperture stop between it 
and the second fixed prism. Further discussion of the optical sys-
tem will be given under the paragraph on calibration. 
c. Synchronization 
First, the filter wheel is made up of three filter sectors (blue~ 
green, and red), and, second, the filter wheel is in continuous ro-
tation in front of the photomultiplier. The angular position is ad-
justed so that while the rotating prism is scanning beneath the 
plane, only one filter sector will be interposed, for example, t he 
blue. During the baffled (blacked out) upper arc of the prism's 
scanning, the rotation of the filter wheel will move the transition 
area between blue to green completely past the light beam so that 
only the green sector will be interposed while the rotating prism 
is making its next scan beneath the plane. And similarly for the 
other two transition areas. 
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During a small part only of each time the rotating prism is 
blacked out, one of three notched segments in the rim of the filter 
wheel will be so positioned that the periscope may project the cali-
brated light onto the photomultiplier. In each such segment of the 
rim is placed the appropriate blue, green or red filter. 
The photomultiplier sees first the calibrating lamp through, 
for example, the blue filter, and t hen the upwelling light through 
a duplicate blue filter. Next, it sees the calibrating lamp through 
the green filter. then upwelling light through a duplicate green 
filter. Finally, it sees first one than the other through duplicate 
red filters. After this, it begins with the blue again. In this man-
ner the cycle continually repeats itself. Other factors of synchroni-
zation will be discussed under the operating procedure. 
· d. Electronics 
The output of the photomultiplier was placed directly on the 
vertical deflection of a Dumont No. 304A oscilloscope. The d-e 
internal amplification of the scope has, at least for the preliminary 
low- altitude test conditions, proved quite stable. However, even 
if some drift did occur, each scope trace would still be self-cali-
brating, since each contains a record of the calibrating lamp. If 
in further test any excessive drift should develop, a chopped-light, 
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feed-back type of system will be employed; however, until then, the 
d-e system will be used because of its inherent simplicity. 
3. Indexing Mount 
a. Mechanical 
The indexing mount is generally similar in size and shape to 
any standard aerial camera mount, and it will clamp into any aerial 
camera installation that will take such a standard mount (see Fig. 7). 
When the telephotometer is attached, the indexing mount should be 
clamped into a vertical installation with the mounting lugs in the 
aircraft so adjusted that the plexiglass hood extends below the bot-
tom skin of the aircraft. It should be noted that the indexing mount and 
telephotometer were so designed that an inverted installation with 
the telephotometer extending through the top skin of an aircraft is 
also possible. (This flexibility in mounting further permits the 
instrument to be used to measure sky brightness from a fixed 
ground installation, selecting the spectral ranges by the use of 
appropriate filters and photosensitive surface s.) The indexing 
mount consists of a fixed frame supporting a rotating disk to which 
the telephotometer is attached. Secured to the fixed frame is the 
drive assembly for the rotating disk. This assembly consists of 
. a drive motor and gear train, and a system of indexing control 
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microswitches operated by cams attached to the gear t rain. Lev-
eling screws are provided at each corner of the framJ and paired 
Convectrons (remote indicating leveling devices) are l ttached to 
the drive assembly. 
b. Electrical 
The electrical connections from the telephotometJ r are car-
ried by a shielded jumper cable which is permanently connected 
to the indexing mount and which plugs into the telepho ometer. 
This jumper cable is long enough to permit the te leph0tometer 
to rotate 1800 and back. This oscillating type indexink avoids the 
I 
use of slip rings which otherwise would be necessary r·f continuous 
rotation were employed. When power is on the whole system, a 
blue indicator light shows on the indexing mount. A manual switch, 
which works only if the system is not automatically c+ ling, can 
rotate the head to any desired index within the range of limit 
switches which prevent accidental rotation of more thl n 180°. The 
indexing microswitches, when the system is automatJ ally ,cycling, 
control the stopping of the drive motor once it is staJ ed by signal 
from the telephotometer. These switches are actuat+ by cams, 
so geared to the rotating disk that it is driven from 01 to 180° in 
45° steps and then returned by the same steps. A potentiometer 
geared directly to the rotating disk remotely indicate J the azimuth. 
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4. Recording Assembly 
child, Type 0-15. Recording (35 mm step and repeat) Camera is 
mounted at the other end, facing the scope. The space between 
consists of a telescoping light shield, and mount for ih struments 
and two mirrors. The shield is so baffled that the cabera sees 
only the scope face and both mirrors, one on each side of the face. 
Each mirror is set at 45° to the camera and to a vert t cal bank of 
three instruments. The six instruments are a barometric altimeter, 
. I 
a free-air thermometer, the calibrating lamp milliammeter, an 
I 
azimuth indicator, a left or right bank indicator, and Ia dive or 
climb indicator. An indexing-motion indicator lamp is mounted 
slightly below the scope face but just in the field of thl recording 
camera. This lamp is lit during any indexing rotatioJ by the tele-
1 
I 
I photometer. The 0-15 Camera also records a date card and sweep-
second watch, both of which are mounted internally i~ the camera 
itself. 
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b. Electrical 
At the start of a cycle. the camera shutter is open. and the 
I 
film thus records a blue calibration trace. then a blue upwelling 
record. The camera spring shutter system is then ell ctrically 
depressed and held, the same electrical signal being ~sed to illu-
minate the card and watch inside the camera as well als the instru-
j 
ments mounted externally. This prints this additional! information 
on the same negative frame as the two blue traces. The termina-
tion of the camera signal returns the surrounding inst t uments to 
darkness and releases the camera shutter system. The mechani-
cally cocked spring closes the camera shutter. advanl es the film 
I 
one frame. and then reopens the shutter. This is repeated for a 
green trace. and then a red trace. This blue-green-~ed cycle is 
continuously repeated during automatic operation (see Fig. 9). 
During the recording of the blue and part of the green trace of 
every other blue- green-red cycle, the telephotometer is rotated 
to the next azimuth setting. This is shown by the indexing motion 
light recorded in every other blue-green trace. Note J A calibra-
tion milliammeter will replace the middle temperaturr dial shown 
(inoperative) in Fig. 9. This was only a temporary installation and 
I 
the conver sian was not made before the first preliminary flight. 
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Contact Print of Sample Blue , Green , and Red Records 
( From Preliminary Test Flight ) 
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5. Control Assembly and Starting Box 
a. Physical 
The control assembly consists of a frame approximately 18 in. 
x 15 in. x 8 in. with a carrying handle, and the starting box is 
approximately 4 in. x 4 in. x 6 in. Mounted in the control assem-
bly frame are the relay unit and the photomultiplier power-pack. 
The relay unit consists of six 28-v power relays and one 28-v 
regular relay. The power-pack consists of transformer, rectifier 
and regulator tubes, and other associated circuit parts necessary 
to give a regulated 1000-v d-e supply. The starting box consists 
of a start-stop button switch, an operating button switch, and a 
green and a red indicator light. 
b. Electrical 
The relay unit serves three functions. First, it makes and 
breaks the heavy current loads of the indexing motor and recording 
camera solenoids on signals from the miniature microswitches in 
the telephotometer head. Second, it sets up sequence controls for 
the automatic operation. Finally, it provides safety limit controls 
if the automatic sequence should fail. The 1000-v d-e regulated 
power supply is self-explanatory. The starting box provides, in 
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addition to what would be expectedJ a positive .• semi-independent 
indication of operation. and a master cut-off button. 
F. Calibration 
1. Standard Light Source for Calibration on the Ground 
A standard light source has been provided for calibration pur-
poses. This consists of a 1000-w, tungsten filament lamp, which 
has been calibrated to a given color temperature when burned at 
a given current. Note: Since the te lephotometer system is d- c, 
the standard lamp may be operated by more easily controlled a-c 
current as contrasted to the general practice of using d- c current 
for standardization work. A 45° first surfaced mirror is mounted 
beside and attached to the lamp base so that light is reflected up-
ward. The mount with both mirror and lamp slides up and down 
on a vertical track; and it can be adjusted at any given distance, 
within range, beneath an opal glass diffuser. This adjustment 
permits an inverse square law compensation for lamps of the same 
color temperature but different intensity. A Corning glass. day-
light, conversion filter is used with the diffuser to raise the color 
temperature of the tungsten-light to daylight. The glass filter is 
adjusted in thickness to give the best practical conversion from a 
known tungsten color temperature to daylight. The lamp position 
36 
is adjusted so that the luminance of the opal glass is approximately 
that of the earth as seen from 2000 ft. The intensity of the stan-
dard lamp at a given color temperature and its position, plus the 
spectrophotometric curves of the glass filter and the opal glass 
then form an absolute standard light reference. 
2. Use of Standard Light Source 
In practice this standard light source will be placed beneath 
the telephotometer in a bracket so that the rotating prism is at a 
fixed distance above the diffusing opal. Note: When so positioned, 
there is a safety switch which prevents the indexing mount from 
operating. A filter will then be used in front of the photomulti-
plier so that it will have approximately the same response to the 
standard light source as seen through the three spectral ranges 
selected (blue, green, and red). This manner of tube sensitivity 
balancing avoids any changes in the filter wheel, if a tube has to 
be replaced. Therefore, after mounting the blue, green, and red 
filters in the filter wheel, their spectrophotometric curves should 
be recorded, and periodically rechecked for fading. Once the 
balancing filter for the particular photomultiplier has been in-
stalled, the overall gain of the system is set so that the standard 
light source causes approximately 1/4 full scale deflection on the 
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oscilloscope screen. The actual blue, green, and red deflection 
data for the standard light for the scope-gain-setting represent an 
overall calibration of response vs a known input. 
3. Internal Calibrating System 
Once the gain of the system has been adjusted, and at the 
same time the system is being calibrated against the external 
standard light source, the internal calibrating source is recorded. 
Here again a compensating filter will be used at the integrating 
sphere to approximately balance the tungsten lamp to the daylight 
standard. The current-filter combination will further be required 
to give approximately a 1/4 full scale deflection for these condi-
tions. The current setting of the internal calibrating lamp is then 
recorded together with its blue, green, and red records. Now, 
if any change occurs in the overall gain of the system during flight, 
the change will be recorded as an appropriate change in the blue, 
green, and red calibrating lamp trace, and thus can be compen-
sated for. 
4. Calibration Notes 
a. If it is found necessary to reduce the standard light as 
compared to the calibrating lamp, i.e .• the calibrating lamp is 
too weak, this reduction should be accomplished by a stop in the 
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projection system, thus eliminating additional filters which are 
undesirable from an absolute calibration point of view. 
b. Balancing filters should always be associated with a 
particular photomultiplier such that one tube plus its filters could 
be easily replaced by another plus its filters. Then, when recali-
brating. there should be little or no difference, assuming the same 
kind of tube and type of photosensitive surface. 
c. To the extent possible. glass filters only should be 
used in the internal calibrating system. 
d. Both calibrating and standard lamps should be burned 
as much under voltage as is practical. 
e. The integrating sphere is used so that critical position-
ing of the small internal calibrating lamp was eliminated. 
f. Every effort should be made to stabilize the calibrating 
lamp current, i.e .• the batteries kept warm. lead resistances kept 
small, etc . 
g. If changes in calibrating lamp current are recorded . 
during the flight, as shown in the photograph of the milliammeter. 
correction curves should be found experimentally. 
h. The first preliminary test of the actual instrument in-
dicates that the internal calibrating system is so stable that only 
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occasionally. probably once for every group of flights, will it be 
necessary to recheck the internal calibrating system with the 
standard light source. 
G. Operational Procedure 
1. Laboratory 
Test the equipment thoroughly in the laboratory, especially 
check that all lamps work. Load the camera, and tape and initial 
the magazine. 
2. Preflight 
a. With the 28-v d-e power off, remove the panel on the 
recording camera. Date the panel blank and note the local field. 
Next wind and set the watch for the local field time. Replace the 
panel and turn on the 28-v d-e power. Check that the magazine 
is taped and dated. 
b. Set the altimeter for the local field setting. 
c. Set current of calibration lamp at the previously deter-
mined standard setting. 
d. Adjust overall gain until calibration traces give their 
previously determined setting. 
e. Check electrical and mechanical apparatus of all units 
by cycling a minimum of three times. (This records the local 
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field conditions and also provides extra footage at the beginning 
of the films for developing purposes.) 
3. In Flight 
a. With the plane flying straight and level1 adjust the level 
of the indexing mount by the four leveling bolts provided. 
b. Climb to highest altitude intende d1 . and proceed to tar get. 
c. Determine the altimeter setting for the required height 
over the target. (Use radioed1 target-area barometer setting; the 
take-off field setting in the recording altimeter is only for range.) 
d. Determine the heading of a straight and leve 1 flight di-
rectly into the sun. 
e. Make a preliminary pass over the target at this heading~ 
and make a big 360° circle. 
f. Press the starter button. (The green light should come on.) 
4. Recording Passes 
a. As the target is recrossed on an into-the-sun heading~ 
press the operation button and hold until the red light starts flash-
ing. This will continue to flash for approximately 1 J 3 of a minute 
during which time the direction1 altitude 1 and straight-and-level 
attitude of the aircraft should be maintained. 
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b. When the flashing red light stays off, make a diving 
360° turn to recross the target at same heading but at the next 
lower altitude required. 
c. As the tar get is recrossed, the operation button is 
again pressed and the above cycle repeated. 
d. In this manner straight-and-level passes are made into 
the sun at each of the required altitudes, starting at the highest 
and descending in order. 
e. After completing the base altitude pass, the stop button 
is pressed. (The green light should go out.) The plane then returns · 
to its local base. 
5. After Landing 
a. Cycle the installation three times. (This again records 
the local field conditions and provides extra footage at the end of 
the film for developing purposes.) 
b. Shut off all power. Special care should be taken to dis-
connect all battery-operated units not cut off by main switch, par-
ticularly the calibrating lamp. 
c. Return the exposed magazine to the laboratory and 
process the film. 
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H. Preliminary Flight Tests 
1. Preliminary Installation 
The preliminary installation was made in a C-45 aircraft. 
The telephotometer head and indexing mount was installed at the 
cabin camera station, and the recording assembly and control 
assembly were secured to either side of the cabin. The starting 
box was placed, by means of its long connecting cable, in the 
plexiglass nose. (This C-45 was equipped for bombardier training.) 
2. Initial Group of Flights 
It is planned to use an inland industrial area (no snow coverage) 
as the preliminary target, and to record this target during clear 
weather (no clouds). Altitudes should start at least at 14 .. 000 ft 
and preferably higher, and should go down by 3000-foot increments 
to a 2000-foot base altitude. At least three successful flights, in 
addition to the first and any other 1rdebugging" flights, should be 
made with the equipment as is. 
3. Analysis of Initial Data 
A preliminary examination of the initial flight data should be 
made primarily to determine the range of the results and the over-
all precision of the system. The specific facts to be noted and 
the methods of comparison to be made, will depend almost entirely 
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on the quality of the results themselves, and, therefore, these 
details are most properly left to the decision of the project en-
gineer. However, after this analysis and the 11 debugging11 of any 
res_ulting modifications in the equipment, the system should be 
able to collect data for record. 
J. Future Flight Program 
1. General 
If this development program is successful (and all preliminary 
tests including the first flight indicate that it will be), then the 
future program will depend upon the extent of the haze study to 
be undertaken. A brief description of such a study is included in 
the next subsections. 
2. Future Installation 
Since, to be of real value, a study of haze should cover its 
known range, high-altitude (30, 000 ft plus -- see Fig. 1) installa-
tions will be required. Further, since such an installation will 
be extensive, the additional equipment. necessary to record the 
change in direct sunlight with altitude (attenuation). should more 
than prove its worth. It is recommended, therefore. that dual 
installation of ~wo telephotometers and indexing mounts be made. 
one covering the upper hemisphere, and one. the lower. A twin-
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tube oscilloscope~ using two cameras and proper cross-baffling, 
would eliminate the necessity for an extra recording assembly. 
and still supply individually synchronized pictures. Such an in-
stallation could be most easily made in a jet bomber; however, con-
sideration should be given the more difficult installation in are-
connaissance jet fighter because of the maintenance advantages. 
Use could be made of wing and belly tank pods for external inst al-
lations. In any case. it would be desirable to have a wide angle, 
9 in. x 9 in. aerial camera installation. which would automatically 
take a group of vertical pictures at the same time the upwelling 
light is being recorded. 
3. Future Flights 
The range of targets should cover any specific simulated tar-
get areas desired, in addition to the general ground types indica-
ted below. 
a. City 
b. Country 
c. Woods 
d. Desert 
e. Ocean 
f. Snow 
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These targets should be flown during clear to very hazy wea-
ther (no clouds) and at representative altitudes from 40, 000 ft down. 
The exact choice of altitudes will depend on the results of the data 
as it accumulates; however, probably not more than six or so passes 
should be made at one target, as the time between the first and 
last will become excessive. The tests should be made at relatively 
high sun-angles at first; and then extended to low-sun-angles. In 
all cases, the complete weather sequences for the past week for 
the given target should be obtained from the weather bureau. 
4. Data Reduction 
Automatic transcription of data to punch cards, including any 
calibration corrections if indicated, will be made by telereading 
devices, such as the commercially available Telecordex. Thus, 
the complete flight data can be made available on a group of punch 
cards, which can be statistic ally averaged for any or all figures 
from one or a group of flights, and the results automatically tabu-
lated by standar d IBM equipment. 
5 . Expected Application of Results 
a. Photographic Weather Prediction 
Using only comparative, but preferably absolute, haze-light 
data for given tar gets and their previous weather sequences, it 
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should be possible to establish correlations between weather and 
good photographic conditions, where and if such correlations exist. 
In this connection, to make the best use of this program, all 
ground-observation data should be checked against the aerial data. 
Particular attention should be given the recently published method 
for such ground-air evaluation using the polarization of the sky as 
a measure of haze 3. 
b. Fundamental Haze Data 
The more important contribution will be t he exte n s ion of pre-
cise photometric measurements of the atmosphere up to levels 
of 40, 000 ft. In this study attenuation data will be vitally impor-
tant as it will permit the absolute evaluation of the scattering re-
sulting from each layer. By contrast, upwelling data by itself 
gives comparative values only, and these values are valid for 
data originating only over the same or similar target areas. Suf-
ficient absolute values, on the other hand, can form a sound sta-
tistical basis for a real model of the atmosphere. And one has 
only to remember that all seeking missiles must seek through 
this atmosphere, to realize the fundamental need for such data. 
c. Future Simplifications 
It is expected that trends will appear in the mass of data as 
it accumulates, and that such trends will indicate where large areas 
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of data are mere duplications of other data~ or where the knowl-
edge of a few representative values gives a sufficient description. 
As such trends appear, the data reduction program should be re-
vised to fit the new conditions. Further. as such simplifications 
are tested and proven satisfactory. they should be incorporated 
into straightforward simple devices for camera exposure control. 
K. Conclusions 
An Automatic Haze Recorder, which consists basically of an 
airborne telephotometer and the associated equipment necessary 
to measure upwelling light from the hemisphere beneath an air-
craft, or the sky brightness from the hemisphere above an air-
craft, has been designed, constructed, and successfully laboratory-
tested in both the normal as well as the inverted attitude. The 
first preliminary flight test has been made, and the equipment 
functioned satisfactorily. Although this flight was not made for 
record purposes. the samples of data actually taken were easily 
reducible to graphic form. It is the belief of the project engineer. 
that the instrument, in an appropriate installation, can success-
fully measure haze -light up to altitudes of 40, 000 ft. 
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V. ABSTRACT 
This report is primarily concerned with a detailed description 
of an automatic haze recorder. An introductory haze discussion is 
included to facilitate the overall evaluation of the program. 
Although there is a wealth of experimental data for ground-to-
ground haze measurements. there exist only fragmentary data for 
the air-to-ground case. The data of Waldram, and Carman and 
Carruthers comprise the known extent of published aerial haze 
studies which are statistically based on a series of programmed 
flight-test measurements. Even in these cases the number of 
flights was small. It is therefore essential to the formation of a 
statistical model of the atmosphere that extensive flight measure-
ments be made over various conditions and up to altitudes of 
~ 
40, 000 ft. 
The automatic haze recorder consists basically of an airborne 
telephotometer and its associated equipment: the telephotomet er 
itself, an indexing mount~ a recording assembly, and a control 
assembly and starting box. Each of these items is described in 
detail. 
The base of the telephotometer consists of a device which ro-
tates a right prism about an axis normal and concentric to one of 
its faces. The telephotometer is mounted on the floor of an air-
craft in such a manner that this prism assembly extends below 
the bottom skin of the aircraft~ and that the axis of the prism ro-
tation is maintained parallel to the surface of the earth. The up-
welling light from a 15° cone entering the prism is reflected along 
its axis of rotation and, by means of a fixed right prism> into the 
photometric system. In this manner the rotating prism scans a 
path 15° wide, which stretches beneath the aircraft from horizon 
to horizon. 
In the photometric system the upwelling light is projected 
through an appropriate filter onto a photomultiplier tube. The out-
put of this tube is read directly as the vertical deflection of an os-
cilloscope which is mounted in the recording assembly. The hori-
zontal deflection of this scope is made proportional to the scanning 
angle by a gear-driven potentiometer. In this manner the scope 
makes a trace of upwelling intensity vs angle for a given set of 
conditions. Each scope trace, together with other pertinent datp..~ 
is photographed by the recording assembly. 
The indexing mount rotates the telephotometer, and thus the 
scanning plane, about the vertical axis. The control assembly, 
once started, automatically cycles the overall system in the 
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following manner. A blue record, then a green record, then a 
red record are separately photographed at the indexing mount 
setting (azimuth) of 0°. Then the mount turns the instrument to 
an azimuth of 45° and the above three records are made again. 
This sequence is repeated at settings of 90°, 135°, 180°, 135o, 
90°, and 45°. The head is then returned to 0°, and the assembly 
is again ready for another cycle. The lapsed time of the com-
plete cycle is somewhat less than 1/3 of a minute. 
The instrument has been constructed and successfully 
laboratory-tested. It has had only a single, preliminary flight 
test, but on this the performance equaled or exceeded the design 
expectations. Proposals for future flight-'test programs are d i s-
cussed. 
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